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FIGURE 3-49
Recommended Growth Curve for Male New Zealand White Rabbits
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FIGURE 3-50
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Recommended Growth Curve for Female New Zealand White Rabbits

3-151

09/02/87



3.4. LIVESTOCK

Body 3ind growth data on livestock are summarized in Table 3-12. Body
weight  .a on most strains of livestock are provided primarily to facili-
tate the demonstration of allometric relationships discussed in subsequent
sections of this report. Nonetheless, information on the body weights and
consumption patterns of livestock may be useful in risk assessments when an
attempt is made to estimate doses 1in cases of accidental exposure of
11vest;ck to toxicants.'
3.4.1. Cattle. Growth data on all strains of cattle presented in Table
3-12 are plotted in Figure 3-51. Hereford cattle are clear outliers that
reach a mature body weight of ~1200 kg, and the data on this breed are
presented separately in Figure 3152. Other breeds of cattle on which data
are available reach mature body weights of ~400-550 kg. Data on these
strains are summarized in Figure 3-53. Because cattle are not used in
toxicity studies, recommended body weights other than mature bddy weights
are not derived.
3.4.2. Chickens. Growth data on all strains of chickens summarized in
Table 3-12 are plotted in Figure 3-54. The variability in the body weights
and growth rates of chickens appears to be greater than in most other
species of animals 1included 1in this report. The smallest strains are
crosses of "desi”™ and White Leghorn strains reported in the Indian litera-
ture (Sah et al., 1984) and an unspecified strain of broller chicken
reported in the Eastern European literature (Kn1zeto§e et al., 1985). The
largest and fastest growing stain on which data are available is the Ross

broiler (Prescott et al., 1985).
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FIGURE 3-51
Growth Data on Cattle

(See Table 3-11 for points and references)
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FIGURE 3-52
Growth Curve on Female Hereford Cattle

(See Table 3-12 for points and references)
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FIGURE 3-53
Growth Curve on Cattle, Excluding Female Hereford Cattle

(See Table 3-12 for points and references)
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Growth Data on Chickens

(See Table 3-12 for points and references)
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Chickens, particularly the White Leghorn, have been used as animal
models for studying peripheral neurotoxins. Growth data on male and female
White Leghorns are presented in Figures 3-55 and 3-56. Because bioassays
using chickens are not well standardized, ﬁo attempt will be made to recom-
mend subchronic or chronic body weights. Depending on the nature. of the _
experiment, the data in Table 3-12 and Figures 3-55 or 3-56 could be used to
estimaEe the most appropriate body weight.

3.4.3. Pigs. A1l growth data from Table 3-12 on pigs are plotted in
Figure 3-57. The growth data reported by Pond et al. (1985}_and Conalty
(1967), plotted in Figure 3-58, are consistent with each other but show
substantially more rapid grouth than other reports on the domestic pig (Sus
domesticus). Data from these latter reports are plotted in Figure 3-59.

The data reported by Amoroso et al. (1964) are for the niniatﬁre pig, Sus

scrofa, and are not 1likely to be typical of swine used as livestock.
Recommended mature body weights for 1livestock swine (Sus domesticus) are-
200-250 kg. Based on Figures 3-58 and 3-59, other body weight estimates for
swine can be derived as needed.
3.5. WILDLIFE

Growth data on wildlife are summarized in Table 3-13. As discussed by
Moody et al. (1985) for ferrets and Zatzman et al. (1984) for marmots, many
species of wildlife mammals show substantial (30-40%) seasonal variation in
body weight. Such seasonal variations are also likely to be seen 1in
livestock and laboratory animals, but are less well documented. |

Figures 3-60 and 3-61 summarize the body weights of male and female mink
from two control groups used by Aulerich et al. (1979) in a study on the

toxicity of PCBs, a compound to which mink are particularly susceptible.
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Growth Data on Male White Leghorn Chickens

(See Table 3-12 for points and references)
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FIGURE 3-56
Growth Data on Female White Leghorn Chickens

(See Table 3-12 for points and references)
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Growth Data on Domestic and Minlature Pigs

(See Table 3-12 for points and references)
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FIGURE 3-58
Growth Data on Larger Domestic Pigs
[Data from Pond et al. (1985) and Conalty (1967))
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FIGURE 3-60
Recommended Growth Curve for Male Mink
(See Table 3-13 for points and references)
Source: Aulerich et al.._ 1979
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Recommended Growth Curve for Female Mink
(See Table 3-13 for points and references)

Source: Aulerich et al., 1979
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The variations in the weight of both sexes during the last 250 days of the
study suggest a seasonal effect. While Figures 3-60 and 3-61 can be used to
estimate recommended bddy weights for young and mature animals, the seasonal
effects should be appreciated as a source of error, particularly in these
and other wildlife species.

Since bioassays on mink are not standardized in duration, reference
subchronic and chronic body weights are n&t recommended. TWA body weights
can be calculated from Figures 3-60 and 3-61. These curves can be extended
using recommended mature body weights of 1.7 kg for males and 1.0 kg for

females.
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4. INHALATION RATES

The U.S. EPA (1980) has recommended the use of a reference value of 20
m3/day for humans (10 m® breathing volume during the workday). The
inhalation rate for the ICRP Reference Man is 23 m3/day (9.6 m® breath-
ing volume at work during 1ight activity). Other recommended values are 21
m3/day for an adult uoman; 15 m3/day for a 10-year-old child, 3.8
m3/day for a l-year-old infant and 0.8 m3/day for a newborn (Snyder et
al., 1975). |

Hinuté volumes for the reference man resting and performing 1light
activity are 7.5 and 20 t/minute, respectively. The reference minute
volume for Tight activity is reasonably close to the reported values for
adult humans given in Table 4-1. 'Assuming that man rests for 8 hours and is
involved in 1ight activity for 16 hours each day, the resting minute volume
can be multiplied by a factor of 2.1 to approximate a TWA minute volume over
an entire day [((7.5x8hr)+(20x16hr))/24hr)/7.5=2.11]. Unless this activity
factor 1s used on the human data, the allometric equations discussed in this
section substantially underestimate human breathing volumes for adolescents
and adults. Rigorous evaluation of human values is outside the scope of
this text. Additional information 1s provided in U.S. EPA (1985a). Since
the minute volumes reported in the literature for experimental mammals and
other animals were made when the animals were at rest and not under condi-
tions of normal activity, a similar activity factor could be proposed for
these species. This factor is not applied to the allometric equations for
nonhuman animals because in most toxicity studies the activity of ihe
animals 1is restricted by confinement. The use of upper or lower bounds of
the allometric equations should be considered 1f hyperactivity or lethargy

Is reported. In some instances in which the exposed dose must be estimated
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from studies on inhalation exposure of free-1iving animals, the use of an
activity correction factor may be appropriate.
The U.S. EPA (1980) has used the following equations to calculate
tnhalation rates (I) in units of m3/day for mice and rats:
I (mice) = 0.0345[W/0.025]%/3 (4-1)

2/3 o

I (rats) = 0.105[W/0.133]
where W is body weight in kg. The equation for réts Is based on observa-
tions summarized by Altman and Dittmer (1972) and originally published by
Guyton (1947), in which rats with a mean body weight of 0.1128 had a mean
minute volume of 72.9 me (0.105 m3/day). The equation for mice is simi-
larly derived but the mouse weight 1s erroneously indicated to be 0.025 kg.
The actual.value reported by Guyton (1947) 1s 0.0198 kg And Is reported in
Altman and Dittmer (1972) as 0.02-kg. The minute volume reported by Guyton
(1947) 1s 24.54 me (0.0353 m3/day). Taking bo&y weight ratios to the
2/3 power assumes that breathing rates are proportional to body surface area.

Reported minute volumes for a wide range of animals at rest are
summarized in Table 4-1 and i1lustrated in Figures 4-1 (1inear plot) and 4-2
(Tog-lbg plot). While Figure 4-2 shows a relatively clear re1étipnship
between log body weight and log minute volume, certain points are atypical
and are not considered tﬁ the derivation of recommended values. Three of
these points come from the study by Amoroso et al., (1964): sheep, miniature
pigs, and Guernsey cattle. Most of the reported values given by Amoroso et
al. (1964) are h1gh compared with other studies. In this study, tidal
volume was measured by a flow transducer attached to a mask that was sealed
with jelly and made air-tight with an inflatable cuff. In addition, none of
the animals were trained or subjected to such measurements prior to the

published recordings. These factors may have contributed to the atypically

high recorded minute volumes.
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In the study by Lai et al. (1978), one group of rats, subjected to
tracheal cannulation without anesthesia, had an atypically high mean minute
volume compared with thrée other groups 1in the study and compared with
minute volumes of rats reported in other studies. This group of rats is not
used in the recommendation of reference values.

Also excluded are reported minute volumes for the Monitor lizard (Lumb,
1963),_the Diamond-back turtle (Bickler and Anderson, 1986) and the value
reported for horses by NAS (1971).

The exc]usfon of the above points is not intended to suggest that the
studies were flawed or that the values are erroneous or necessarily outliers
in the statistical sense. Given the experimental difficulties in recording
minute volumes, the substantial degree of scatter is to be expected.
Nonetheless, the excluded points are clearly at variance with the majority
of the data on the same specles or other species of similar body weights.
The exclusion of these points does not have a substantial effect on the
statistical analyses below or on the recommendations of reference inhalation
rates for risk assessment.

The work of Guyton {1947) is ihe best study of comparative respiratory
volumes in laboratory animals and is commonly cited in the recent literature
as the basis for assumed respiratory volumes. Guyton (1947) used five
different methods, only one of which involved anesthesia, to measure respi-
ratory rates of animals at rest. As noted by Guyton (1947) and confirmed by
the larger data set in Figure 4-2, there is a strong positive correlation
between body weight and minute volume for species, covering a substantial
weight range (0.0066-600 kg). As noted by Guyton (1947) and Adolph (1949),
however, this relationship does not appear to be based on the surface area

proportionality. Guyton (1947) proposed a proportionality of body welight to
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the 3/4 power. An analysis of the data summarized in Table 4-1, excluding
only those points discussed previously, bears out this relationship remark-
ably well: |
Tn MV = -0.88 + 0.7579 1n (W) (4-3)
or
MV = 0.46 (W)0: 779 . (4-4)
This relationship, along with summary statistics, is 11lustrated in Figure
4-3. Equations- 4-3 and 4-4 are recommended for calculating minute volumes
(WV in e/minute) for body welght (W in kg) for animals at rest 1f more
specific relationships, detailed below, are not available. Equation 4-4 can
be converted to a daily inhalation volume (I) by multiplying the right side
of the equation by 1.44 (60 minutes/hourx24 hours/day divided by 1000
L/m3) to yleld: -
I = 0.66 (H)O.IS?Q (4-5)
This equation is based on the breathing pattern of animals reportedly at
rest. When applied to risk assessments, consideration should be given to
upper or lower bound estimates of breathing rates, based on the summary
statistics provided in Figure 4-3, if unusually high or low levels of
activity are reported in the study under review.

No species, with the possible exceptions of the Monitor 1izard and
Diamond-back turtle, are clear outliers to the above relationships. Even
for the apparent outliers, it 1is unclear 1f the differences in minute
volumes from those of species of similar body weights are due to- true

species differences or experimental variability or error. Nonetheless, if

species-specific information 1s avallable on the relationship of body weight
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Ln Hinute Volume

Ln Body Veight

201 -0.86283 ST1 0,028 T1 -31.447
B1 0.757% §B: 0.010108 Tt 75.02
CORR: 0.98004 162: 0.47393 M 222

FIGURE 4-3

Allometric Relationship of
Minute Volume () to Body Weight (kg) for A1l Species
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to 1nhaTation rate, this information should be used in deriving species-
specific recommended values. As summarized in Table 4-2 ang Figures 4-4
through 4-14, species-specific allometric equations Ean be proposed for most
species of concern in risk assessment. The high correlation coefficients
noted in Table 4-2 are generally due to separate clusters of points for very
young and adult animals. Most of the data on the breathing rates of newborn
animals come from the work of Mortola (1983, 1984) and Mortola and Noworaj
(1985). Recently, Mortola (1987) reviewed the available data on breathing
In newborn mammals, including an assessment of allometric relationships.
Within either group, young or adult animals, the correlation coefficients
are much lower, reflecting either experimental variability or the importance
of biological variables other than body weight. This Intraspecies variation
Is particularly evident in F1gure‘4-6, which plots data on individual Rhesus
monkeys reported by' Karel and Weston (1946). The data reported by Cross
(1949) appear to be atypically low, both for human infants when compared
with the more recent data of Fisher et al. (1982) as for humans and monkeys
combined (see Figure 4-7). The allometric relationship for guinea pigs has
a very low correlation coefficient. The reasons for the poor correlation in

this species are not apparent.
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TABLE 4-2

Allometric Relationships for Inhalation Rate
in m2/day (I) to Body Weight in kg (W)

Animal Group ‘ Allometric Equation r2 Figure
A1l spe ‘es combined 1= 0.66 W0-7579 0.96 4-3
Monkeys I - 0.8 w0.4862 0.72 4-5
Guinea pigs I = 0.44 W0.5156 0.32 4-8
Hamsters I=0.5 u°-901? 0.86 4-9
Mice I = 1.99 Wl.0496 0.87 4-10
Rats I = 0.80 w0.8206 0.77 4-1
Cats I = 0.32 W0.5945 0.81 4-12
Dogs I =0.67 w0-7091 0.89 4-13
Rabbits I = 0.46 W0-8307 0.88 4-14
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Ln llzlm_.nto Volume

Ln Body Weight

50t -0.70048 St 0.22409 T1 -3.12%8
Bi: 0.63865 S 0.070967 Tt 9,281
CORR: 0.94656 MBI 0.14002 s 10

FIGURE 4-4

' Allometric Relationship of
Minute Volume (2) to Body Welght (kg) for Humans

1992A - 417 08/14/87



0.0¢

Ln Hinute Volume
P

0.4 ' -
g‘ 106 116 126 136 (X%?%i)
Ln Body Weight

B0t <0.36924 SB: 0.20999 T1 -23.7634
Bit 0.48616 638 0.47673 T: 3.7306
CORR: 0.0462 IS 6.5%4E-3 B 3

FIGURE 4-5
Allometric Relationship of

Minute Volume (L) to Body Welght (kg) for Monkeys
(A11 data in Table 4-1)
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FIGURE 4-6

Allometric Relationship of Minute Volume (2)
to Body Weight (kg) for Individual Rhesus Monkeys

(Data from Karel and Weston, 1946, not summarized in Table 4-1)
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Ln NHinute Volume

af -

B0t <0.74423 ST! 0.4383%6 T1 -3.357S
8t 0.66789 8R: 0.050731 T: 13,468
CORR: 0.95935 I188: 0.095919 B: 1S

FIGURE 4-7

Allometric Relationship of Minute Volume (2)
to Body Weight (kg) for Humans and Monkeys Combined
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Allometric Relationship of Minute Volume ()
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FIGURE 4-10

Allometric Relationship of Minute Volume (2)
to Body Weight (kg) for Mice
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Ln Hinute Voluwme

Ln Body Weight

B0t -0.37838 Skt 0.10607 Tt -3.43%
Bis 0.83061 $E: 0.06337 T: 12.909
CORR: 0.87704 BZ: 0.0%6214 Bt

FIGURE 4-1

Allometric Relationship of Minute Volume (2)
to Body Weight (kg) for Rats
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FIGURE 4-13

Allometric Relationship of Minute Volume (t)
to Body Weight (kg) for Dogs
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FIGURE 4-14

Allometric Relationship of Minute Volume (&)
to Body Weight (kg) for Rabbits
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5. WATER CONSUMPTION

The U.S. EPA (1980) has used a reference va]ue'of 2 t/day for water
consumpt!on of a 70 kg man. The 0ffice of Drinking Water uses this value
and a reference drinking water rate of 1 v/day for a 10 kg child. The
Agency has not adopted recommended values for exper imental animals.

The rate of water consumption can be affected by many factors including
ambient temperature, level of activity, diet, and abnormal physiological or
pathological conditions. Chew (1965) extensively reviewed the literature on
water balance in mammals, and a similar review was provided by Bartholomew
and Cade (1963) on land birds. More recent comprehensive reviews were not
found during the preparation of this report. Classic papers on uater.
- metabolism include those by Adb]pﬁ (194?) and Bailey (1923). Only a few of
the many examples of factors affecting water intake are given below.

The effects of reproductive status on water intake can be substantial.
For instance, pregnant or lactating cows consume about 4 times as much water
as nonlactating cows {Mount and Ingram, 1971), and chickens in the egqg-
producing stage consume about twice the amount of water of nonproducing
chickens (Howard, 1975).

Also, several examples have been reported on the effect of diet on water
consumption. For guinea pigs, the amount of “greens® (usually kale or
lettﬁce) in the diet is inversely related to water requirements. Guinea
pigs recelving a green food supplement require only 50-100 me water/day,
but without the supplement, guinea pigs require 25-100 me/day (Ediger,
1976). Dogs consuming canned food, with an dverage moisture content of 75%,
may not require any additional water consumption (Corbin, 1976). A signifi-

cant increase in the salt content of the diet can substantially increase
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water consumption, as demonstrated in mink when given 1 and 2% salt-enhanced
diets. No change in water consumption was seen in mink fed a 0.5% salt-
enhanced diet (Erikson et al., 1984). Vériations of dietary salt within
normal 1imits does not appear to affect the water intake of humans (Luft et
al.; 1983).

Seasonal differences or changes in ambient temperature also can affect
water intake for lions (Green et al., 1984) and for turkeys (Parker et al.,
1972). Remarkable decreases in water and food consumption occur in hiber-
nating animals before hibernation for marmots (Zatzman et al., 1984). In
some cases, seasonal differences are not substantial, as with the early food
and water intake of neonatal calves (Kertz et al., 1984).

In a study ﬁn chickens with hereditary diabetes insipidus, Dunson et al.
(1972) reviewed information on several strains of laboratory animals, none
of which are commonly used in toxicity bioassays, with hereditary polydipsia.

These and other confounding factors may be related to the generally poor
intraspecies correlations of water intake and body weight discussed below.
Despite the number of variables that can affect water consumption, inter-
species correlations covering a wide range of body weights are generally
high. Using data on several mammalian species, Adolph (1943) proposed the
following relationship:

L = 0.0]1 Wo_ee (5-1)
where L is water coﬁsumption in mt/hour and W is body weight in grams. A
similar relationship (W°.®) had been noted somewhat earlier by Richter
(1938).

Table 5-1 summarizes data on water consumption for several species of
animals. [Many of the references cited- in this table are reviews or

standard texts (Arrington, 1978; Bruce, 1950; Chew, 1975; Cizek, 1961;
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Templeton, 1968; Lane-Peter et al., 1967). Data on water intake that did
not specify a body weight are excluded from this table. Statistical
analyses of the data reported in Table 5-1 that are most relevant to risk
dssessment are given in-Table 5-2 and 11lustrated in Figures 5-1 through 5-6.

More so than the data on minute volumes, the data on water consumption
show marked intraspecies variability. The only points that are clear
outliers, however, are the male marmots [Just before hibernation (Zatzman et
al., 1984)], which are excluded from the statistical analyses. As 11lus-
trated in Figure 5-2, a high correlation is apparent across all species in
the allometric relationship of water consumption to body weight:

L N 000 (5-2)
where L 1is water consumption and W is body weight 1in grams. Similar
equations and high correlation coefficients are obtained by combining all
data on primates (Figure 5-3: Includes data on humans, baboons and monkeys),
and laboratory mammals (Figure 5-4: includes data on gerbils, guinea pigs,
hamsters, mice, rats, cats, dogs and rabbits). Intraspecies correlations
are much Tower. Only the allometric relationship for the dog, illustrated
in Figure 5-5, has a reasonably high (0.87) correlation coefficient and
differs remarkably from the general equation (Eq. 5-2). The studies on dogs
by Brown et al. (1984), Golob et al. (1977) and McKeever et al. (1985) are
well documented and reasonably consistent with the earlier values given in
the secondary sources (Arrington, 1972; Templeton, 1968).

Hater consumption for dogs and other species will vary greatly, depend-

ing on the moisture content of the chow. Allometric relationships to

account for this dependency are given in Chapter 7.
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TABLE 5-2

Species and Group Specific Allometric Relationships for Water
Consumption in 2/day to Body Weight in kg (W)d

Animal Group Allometric Equation r2 Figure
A11 species combined L = 0.11 w0.7872 0.93 5-2
Primates L = 0.09 WO.7945 0.95 5-3
Laboratory mammals ¢ = 0.10 W0.7377 0.88 5-4
Laboratory rodents e = 0.11 w0.7782 0.68 NA
Gerbils D = 0.001w-0-546 -0.44 NA
Guinea pigs b = 0.11 w0.1554 0.09 ~NA
Hamsters D = 0.06 w0.6583 0.55 NA
Mice D = 0.04 W0.4700 0.08 NA
Rats b = 0.06 w0.4138 0.24 NA
Cats 23.b - 0,76 w-0.886 -0.36 NA
Dogs eb - 0.004w1-6388 0.87 5-5
Rabbits - b - 0,15 w0.5161 0.22 NA
Chickens $ = 0.13 W0.7555 0.74 5-6

1f data are available on the diet (dry or moist) use equations on Table 7-2.
This is particularly important for dogs and cats.

DNot recommended for derivng recommended values. Use equation for laboratory
mammals.
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FIGURE 5-1

Plot of Water Consumption (t/day) vs. Body Weight (kg) for AT Species
(See Table 5-1 for points and references)
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Ln Weter Consumption

Ln Body Weight

FIGURE 5-2
Allometric Relationship of Drinking Water (e/day) to
Body Weight (kg) for A1l Specites, Except Marmots
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Ln Water Conaum

s
L 2
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B0: -2,4563 sSI: 0.18363 T -13.377
Bit 0.79454 $I: 0.061253 T 12,97
CORR: 0.9770¢ »SE: 0.038961 BF: g

FIGURE 5-3

Allometric Relationship of Drinking Water (v/day) to
Body Weight (kg) for Primates
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Ln Water Consumption

Ln Body Weight

901 -2.8154 SE: 0.04487 T: -9.597
M1 0.73769 SB: 0.048325 71 99.824
CORR: 0.94366 PSE: 0.30081 DF: 495

FIGURE 5-4
Allometric Relationship of Drinking Water (e/day) to Body Weight (kg)

for Laboratory Mammals (Gerbils, Guinea Pigs, Hamsters, Mice, Rats, Cats,
Dogs and Rabbits).
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6. FOOD CONSUMPTION

Clear allometric fe?at10n$h1ps have been demonstrated between metabolic
rate and body weight. These have been discussed at some 1éqgth in both the
classic 1literature (Brody, 1945; Benedict, 1938) and recent publications
(Davidson et al., 1986). No allometric equations relating food consumption
to body weight, however, were found in the literature. The same factors
that affect water consumption rates can affect food consumption (Blundell
and Latham, 1979). For instance, Shirley (1984) demonstrated that pregnant
or lactating Fischer rats consume about twice the amount of food per day as
that consumed by other rats. Because the water content of the diet is
inversely related to food consumption, as discussed above, an increase in
the water content of {he diet méy be assoctated with an increase in food
consumption, because food with a high water content has less ca1qr1c value
than food of comparable quality with a low water content. As discussed
below, this may explain an apparent anomalous relationship seen in the food
consumption data on cats. Many other examples are available, which suggest
that the food consumption of animals will increase as the caloric content of
the food decreases (Brody, 1945).

Data on food consumption for a wide variety of animals are summarized in
Table 6-1 and plotted in Figure 6-1. Some of the data points were not
considered in the derivation of recommended values because they are atypical
for the species or other species of similar body weights. The marmots Just
before hibernation, labeled in Figure 6-1, show a marked decrease in food
consumption as well as the decrease In water consumption noted above. One
group of cattle from a study by Kertz et al. (1984) is omitted because of an

atypically Tow food consumption not seen in other groups of cattle from the
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Body Weight

FIGURE 6-1

Plot of Food Consumption (kg/day) vs.
Body Welight (kg) for A1 Species

(See Table 6-1 for points and references)
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study, or in cattle from other studies. The Nutria (Lane-Petef et al.,
1967) and.one dog studied by Cowgill (1928) also are eliminafed from subse-
quent statistical ana]yseé as atypical. Although not apparent in Figure
6-1, the food consumption values for hamsters, reported by Arrington (1968)
and Templeton (1968), vary markedly from other reports. The only other data
excluded from the anaIyseS are data on pregnant and lactating rats reported
by Shirley. (1984). The effect of these exclusions can be seen'by comparing
Figure 6-10 with Figure 6-11.

With these exclusions, the general allometric relationship of food
consumption to body weight is illustrated in Figure 6-2. This and similar
relationships for subgroups of animals and species are summarized in Table
6-2 and Figures 6-3 to 6-14. The allometric equation for all species
combined is as follows:

F = 0.065 Wo_ 7919 rz = 0.95 (6-1)
where W 1s body weight and F is daily food consumption, both in k1logramsl
The slope function of this equation is similar to those for both inhalation
rates (0.7579) (see Eq. 4-1) and drinking rates (0.18?2) (see Eq. 5-1).
This similarity is most 1ikely related to the slope function for metabolic
rate estimated at 0.76 (Benedict, 1938).

The negative correlations for both dogs and cats are probably artifacts
of different diets. This is clearly the case for cats for which two primary
studies, Waterhouse and Carver (1966) and Taton et al. (1984), are avail-
able. In the study by Taton et al. (1984), cats received a dry diet, and in
the study by Waterhouse and Carver (1966) cats received a canned, moist
diet. The cats in the study by Taton et al. (1984) were larger but consumed
substantially less food than the cats in the study by Waterhouse and Carver

(1966), which resulted in a negative slope (see Figure 4-12). In each

1994A 6-12 09/03/81



Ln Water Consumption

Ln Body Weight

B0t -2.736 SE3 0.033886 T: -80.742
Bi: 0.7919 8%t 0.011209 Tt 70.6S
CORR: 0,97542 MBIs 0.29743 DF: 258

FIGURE 6-2

Allometric Relationship of Food Consumption (kg/day) to
Body Weight (kg) for A11 Species, Except Marmots
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Species and Group Specific Allometric Relationships for Food
Consumption in kg/day (F) to Body Weight in kg (W)

TABLE 6-2

Animal Group Allometric Equation e Figure
A1l species combined F = 0.065 W0-7913 0.95 6-2
Primates | Fa - 0.026 W0-9142 0.95 6-3
Laboratory mammals F = 0.056 w0.6611 0.87 6-4
Laboratory rodents Fb - 0.060 w0.6917 0.82 6-5
Gerbils F =0.112 w0583 0.80 6-6
Guinea Pigs F = 0.04) W0.3308 0.75 6-7
Hamsters F = 0.082 wW0.9285 0.96 6-8
Mice FC = 0.064 W0-7242 0.27 6-9
Rats FC = 0.040 WO0-4790 0.40 6-11
Cats FC = 0.215 W-0.581 -0.22 6-12
Dogs FC = 5.13 w-0.918 -0.81 NA
Rabbits F = 0.04) W0.7898 0.73 6-13
Chickens F = 0.075 W0-8449 0.97 6-14
dNot recommended for calculating values. Use equation for all species

combined.

PNot recommended for calculating values.

CNot recommended for

mammals.

NA = Not applicable

1994A
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Included for comparison only.

calculating values. Use equation for Tlaboratory
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FIGURE .6-3
Allometric Relationship of Food Consumption (kg/day) to
Body Weight (kg) for Primates
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Ln Water Consuwption

Ln Body VWeight

BO: -2.8899 SE: 0.039731 T: -72.699
Bi: 0.66106 SB: 0.0168{4 T: 39.31S
CORR: 0.935{ MSK: 0.25136 DBF: 222

FIGURE 6-4
Allometric Relationship of Food Consumption (kg/day) to Body Weight (kg)

for Laboratory Mammals (Gerbils, Guinea Pigs, Hamsters, Mice, Rats, Cats,
Dogs and Rabbits).

1994A 6-16 | 08/17/87



Ln Water Con-unnﬁion

NN FENNE FUYEN NN YE PR

w
I
-]

Ln Body VWeight

n’ -zom s:‘ o.m T' '33.353
Bit 0.6917 §B: 0.026647 T: 25.987
CORR: 0.90293 MSR: 0.21881 BF: {53

FIGURE 6-5

Allometric Relationship of Food Consumption (kg/d'ay) to Body Weight (kg)
for Laboratory Rodents (Gerbils, Guinea Pigs, Hamsters, Mice and Rats)
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Ln Water Conounptiop

-5.4C— : -
-!3.1 -2.9 -2.7 =2.3 -2.3
Ln Body Weight

B0t -2.1909 SE: 0.63865 T3 -3.4305
Bit 4.0583 SE: 0.23747 T1  4.4%6
CORR: 0.8938 MBE: 0.015361 BF: S

FIGURE 6-6

Allometric Relationship of Food Consumption (kg/day)
to Body Weight (kg) for Gerbils
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-FIGURE 6-7

Allometric Relationship of Food Consumption (kg/day)

to Body Weight (kg) for Guinga Pigs
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Ln Water Consumption

-2.7 -2.5 g
Ln Bedy Weight

B0: -2.3069 SE: 0.46645 Tt -135.061
Bi: 0.9285 SE: 0.062665 T: 14.817
CORR: 0.98011 #BR: 2,5965F-3 DIt 9

FIGURE 6-8

Allometric Relationship of Food Consumption (kg/day)
to Body Weight (kg) for Hamsters
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FIGURE 6-9
Allometric Relationship of Food Consumption (kg/day)
to Body Weight (kg) for Mice
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Ln Water Consumption

Ln Body Weight

BO: -2.8364 SE: 0.20383 T: -13.876
Bit O0.37843 SE: 0.43734 Tt 4.20%
CORR: 0.50022 MSE: 0.33354 BF: 53

FIGURE 6-10

Allometric Relationship of Food Consumption (kg/day) to Body Weight (kg)
for Rats, Including Pregnant and Lactating Animals
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FIGURE 6-11

Allometric Relationship of Food Consumption (kg/day) to Body Héight (kq)
for Rats, Excluding Pregnant and Lactating Animals _
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FIGURE 6-12

Allometric Relationship of Food Consumption (kg/day)
to Body Weight (kg) for Cats
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Ln Water Consumption

te e L s
-3, ) T T (R 0 oo L U e U (0, (9O

= 5
Lo tbaiy g g g h g g

0 0.3 0.6 0.9 1.2 1.5 1.8
Ln Body Weight

B0t -3.1835 SE: 0.083148 T: -38.278
Bi: 0.78978 SE: 0.089449 T3  6.82%¢
CORR: 0.85374 MBE: 0.024701 BF: 29

FIGURE 6-13

Allometric Relationship of Food Consumption (kg/day)
to Body Weight (kg) for Rabbits
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